Aims: To evaluate the histopathological risk factors for lymph node metastasis in cases of pedunculated or semipedunculated submucosal invasive colorectal carcinoma (SICC). Methods: A total of 48 patients with non-sessile SICC who underwent systematic lymph node dissection were included. Tumour size, histological grade, angiolymphatic invasion, tumour budding, dedifferentiation, objective submucosal invasion depth from the identified muscularis mucosa, relative invasion depth of the submucosal layer, and depth of stalk invasion were investigated histopathologically. Results: Lymph node metastasis was observed in seven cases (14.6%). Univariate analysis showed angiolymphatic invasion and tumour budding to be significantly associated with lymph node metastasis. Multivariate analysis showed that tumour budding was the only independent factor associated with lymph node metastasis in cases of non-sessile SICC. Conclusions: Results indicate that tumour budding is a useful risk factor for predicting lymph node metastasis in cases of pedunculated or semipedunculated SICC.
R ecent advances in endoscopic instruments and techniques have led to a marked increase in the number of tumours that are removed endoscopically, and resulted in increased detection of early colorectal carcinoma. [1] [2] [3] Early colorectal carcinoma is defined as carcinoma in which invasion is limited to the mucosa or submucosa, regardless of the presence or absence of lymph node metastases. 4 Endoscopic complete resection of intramucosal carcinoma is accepted as a curative therapy, because there is no risk of lymph node metastasis. 3 5 However, 6-12% of submucosal invasive colorectal carcinoma (SICC) cases show lymph node metastasis. [6] [7] [8] Thus, cases of SICC that are subject to endoscopic resection need careful pathological examination to determine if there is a clinically significant risk of lymph node metastasis that would warrant additional surgery. 7 9 Previously, histopathological factors such as angiolymphatic invasion, poor differentiation, and massive submucosal invasion were reported to be associated with lymph node metastasis in SICC. 3 7 10-13 Measurement of the depth of submucosal invasion is relatively simple in cases of sessile polyps 11 ; however, in pedunculated or semipedunculated polyps it is relatively complicated due to the presence of stalks and the varied length of these stalks. Since Haggitt et al 12 proposed a ''level of invasion'' classification for colorectal carcinoma arising from polyps in 1985, the Haggitt classification of submucosal invasion has been widely used in pathological evaluation. However, this classification has some limitations: it tends to lead to the over-treatment of cases of SICC without lymph node metastasis 13 14 ; it is not easy to apply to semipedunculated polyps; and it does not consider recently identified risk factors such as tumour budding. 9 11-14 Kudo 15 and Kitajima et al 11 have proposed classifications according to the relative level of submucosal invasion (namely, sm1, sm2, and sm3) and the objective depth of submucosal invasion, respectively. However, the former method may be difficult to apply in the endoscopically resected specimen, and the latter may lead to over-treatment in cases with long stalks.
Several studies have shown the prognostic significance of tumour budding or dedifferentiation in colorectal carcinoma. However, the definitions used are somewhat confused, and the prognostic significance in SICC has not yet been sufficiently studied. 11 16-21 In the present study, we separately defined budding and dedifferentiation according to the number of tumour cells in the invasive nest (,5 for budding, >5 for dedifferentiation), and evaluated their prognostic significance in relation to lymph node metastasis. We also compared the prognostic significance of submucosal invasion depth as determined by Haggitt's classification, Kudo's relative level, and objective depth of submucosal invasion, and of other pathological parameters including tumour size, histological grade, and angiolymphatic invasion in non-sessile SICC.
PATIENTS AND METHODS
Between May 2000 and June 2006, 113 patients with SICC underwent surgery for systematic lymph node dissection at the National Cancer Center Hospital, Goyang, Korea. Of these, 48 patients with pedunculated (20 cases) or semipedunculated (28 cases) SICC were selected for this study. Exclusion criteria were: (1) macroscopic sessile or flat/depressed type of SICC (36 cases); (2) a broad-based villous tumour (8 cases); (3) a past history of cancer treatment, including chemoradiation (17 cases); (4) previous or concurrent advanced colorectal carcinoma (1 case); and (5) if precise histological evaluation could not be performed because the polypectomy was performed outside our hospital (3 cases). All pathology slides were examined by two of the authors (HJC and DKS). The clinical data from the colorectal cancer database and clinical charts were also reviewed retrospectively. This study was performed in accordance with the Declaration of Helsinki.
The tumour size, histological type and grade, angiolymphatic invasion, budding, dedifferentiation, and depth of submucosal invasion were investigated. Histological type and grade were Abbreviation: SICC, submucosal invasive colorectal carcinoma classified according to World Health Organization criteria, 22 and pathological tumour-node-metastasis classification was determined according to the International Union Against Cancer criteria. 23 Angiolymphatic invasion was defined as the presence of cancer cells within endothelial-lined channels. An isolated cell or a small cluster of ,5 carcinoma cells in the invasive front was defined as a ''budding'' focus, and >10 budding foci when viewed at a 200-fold magnification was considered positive for tumour budding, based on the data from Ueno et al (fig 1) . 17 Dedifferentiation was originally defined as ''microscopic clusters of undifferentiated cells just ahead of the invasive front'' 19 or ''a single carcinoma cell or a solitary trabecular form at the invasive front''. 16 These definitions partly overlap with that of ''tumour budding''; however, tumour budding alone could not estimate the prognostic significance for solid clusters composed of at least five undifferentiated cells. Thus, we subsequently separately defined dedifferentiation as solid trabecular nests of carcinoma cells (>5 cells in each nest) at the invasive front ( fig 1) .
The depth of submucosal invasion was measured in three ways. First, the objective depth of invasion was measured as shown in fig 2. Second, Kudo's classification was evaluated to define the relative invasion depth of the submucosal layer as sm1 (infiltration into the upper third of the submucosal layer), sm2 (middle third), or sm3 (lower third).
1 Third, Haggitt's classification was evaluated. 12 If the cancer invades the stalk, the depth of stalk invasion was also measured as the length from the neck (Haggitt level 2) to the deepest portion of invasion ( fig 2) . 11 Statistical analyses were performed using the x 2 test, Fisher's exact probability test, or Student's t test to estimate differences in the relationships between histopathological factors and lymph node metastasis. Multivariate logistic regression analyses were then performed to identify factors that were considered to have an effect on lymph node metastasis. Statistical significance was defined as p,0.05.
RESULTS

Patient characteristics
Of the 48 patients, 24 were male and 24 were female; mean age was 54.9 years. Thirty-seven patients had tumours in the colon and 11 had tumours in the rectum. Lymph node metastasis was observed in seven cases (14.6%). The mean tumour size was 20 (9.0) mm (range 10-48 mm). The histological type was classed as well differentiated adenocarcinoma in 22 cases (45.8%), moderately differentiated adenocarcinoma in 23 cases (47.9%) and poorly differentiated adenocarcinoma in three cases (6.3%). Angiolymphatic invasion was identified in 19 cases (40%). Tumour budding and dedifferentiation were found in 10 (21%) and 12 cases (25%), respectively. The mean objective submucosal invasion depth was 2.8 (1.5) mm (range 0.2-6.5 mm). According to Kudo's classification, the number of cases classed as sm1, sm2, and sm3 tumours was 22 (46%), 13 (27%), and 13 (27%), respectively. According to Haggitt's classification, submucosal invasion was classed as level 1 in 12 cases (25%), level 2 in 11 cases (23%), level 3 in 20 cases (42%) and level 4 in 5 cases (10%). In the cases classed as levels 3 or 4, the mean stalk invasion depth was 1.5 (0.8) mm.
Correlation between histopathological parameters and lymph node metastasis Table 1 summarises correlations between each parameter and lymph node metastasis. Of the parameters analysed, angiolymphatic invasion (32% vs 3% in lymph node metastasis positive and negative groups, respectively; p = 0.011) and tumour budding (60% vs 3%, respectively; p,0.0001) were significantly correlated with lymph node metastasis. Poorly differentiated histological type and dedifferentiation showed some correlation to lymph node metastasis but with marginal statistical significance (p = 0.052 and p = 0.055, respectively).
A B Multivariate logistic regression analyses showed that tumour budding was a significant risk factor for lymph node metastasis in cases of non-sessile SICC. Table 2 shows the odds ratio and 95% confidence interval. However, regardless of the classification method used, the depth of submucosal invasion and tumour size did not correlate to lymph node metastasis (table 1) . Table 3 summarises the clinicopathological details of the cases with lymph node metastasis.
DISCUSSION
Several systems have been proposed to determine the depth of submucosal invasion in pedunculated SICC, but there is controversy over which is the best for predicting lymph node metastasis. Level 4 (underlying wall) invasion according to Haggitt's classification has been reported to be an important prognostic factor, 12 as well as a risk factor associated with lymph node metastasis in cases of SICC. 13 However, previous studies have shown that only 10% of cases classed as level 4 SICC have metastasis to the lymph nodes; hence recommendations to resect the colon may constitute over-treatment in 90% of patients who would undergo additional surgery. 13 In 1993, Kudo 15 suggested a new three-grade classification that divided the thickness of the submucosa into three layer (sm1, sm2, or sm3), and he reported that this classification was useful for predicting lymph node metastasis. Kudo's classification has been used extensively in Japan and Korea due to its simplicity, but it is not useful for analysis of specimens resected by endoscopy because the muscularis propria is not included. Recently, Kitajima et al 11 reported that, if there was no lymphatic invasion, cases of pedunculated SICC with submucosal invasion of ,3000 mm did not have lymph node metastasis. However, the authors did not critically consider that there could be marked differences in the depth of submucosal invasion depending on the tumour size, stalk length, and the state of the muscularis mucosa in cases of pedunculated polyps. In the present study, we compared the prognostic values of these three classifications for predicting lymph node metastasis, but no significant relationship was found between submucosal depth, as measured by any of these classification, and lymph node metastasis. The total number of cases analysed in the present study was not large, so further results may be needed to confirm the non-significant relationship between the depth of submucosal invasion and lymph node metastasis in cases of pedunculated SICC. However, we showed that tumour budding might be an important histopathological risk factor for lymph node metastasis in cases of pedunculated or semipedunculated SICC.
Tumour budding is considered to be a pathological characteristic corresponding to the initial phase of tumour invasion and has been reported to be associated with metastatic activity and prognostic outcome. 16-21 24-26 However, different researchers have proposed several diverse definitions. In the present study, we applied Ueno's grading system, 17 in which tumour budding is divided into low and high grades according to the number of budding foci (defined as a cluster of fewer than five cancer cells) in a field of 6250 magnification. Ueno et al 17 have previously reported that high-grade budding (10 or more budding foci in a field of 6250) was an independent prognostic factor associated with a worse survival rate compared with lowgrade budding (five-year survival rate 41% vs 84%). Our present results confirmed that high-grade budding in SICC is a prognostic factor for lymph node metastasis. In addition, tumour budding seems to be a better prognostic factor than angiolymphatic invasion for predicting lymph node metastasis (specificity 90% vs 68%; positive predictive value 60% vs 31%, respectively), although the sensitivities of both parameters were similar (86%). Indeed, angiolymphatic invasion might be 27 Confusingly, tumour budding has also been referred to as ''sprouting'' or ''focal dedifferentiation''. 16 21 Recently, Tominaga et al 16 reported that lymphatic invasion and highgrade focal dedifferentiation at the submucosal invasive front are important predictors of lymph node metastasis in patients with non-pedunculated SICC. However, their definition of focal dedifferentiation includes the budding foci. Thus, we separated dedifferentiation from tumour budding and also evaluated the association between dedifferentiation and lymph node metastasis; however, unlike tumour budding, the association between dedifferentiation and lymph node metastasis was only marginally statistically significant (p = 0.055).
In conclusion, tumour budding may be an independent risk factor for lymph node metastasis in cases of pedunculated or semipedunculated SICC. Additional surgical treatment should be considered in patients with non-sessile SICC showing tumour budding even if pathological analysis is negative for other prognostic factors. Further studies are needed to verify the prognostic significance of the depth of submucosal invasion in cases of pedunculated or semipedunculated SICC. Take-home messages N This study indicates that tumour budding is a useful histopathological factor for predicting lymph node metastasis in cases of non-sessile SICC.
N Further studies are needed to clarify the predictive value of the submucosal invasion depth for lymph node metastasis in cases of pedunculated SICC.
